We present new time-series CCD photometry, in the B and V bands, for the moderately metal-rich ([Fe/H] ≃ −1.3) Galactic globular cluster M62 (NGC 6266). The present dataset is the largest obtained so far for this cluster, and consists of 168 images per filter, obtained with the Warsaw 1.3m telescope at the Las Campanas Observatory (LCO) and the 1.3m telescope of the Cerro Tololo Inter-American Observatory (CTIO), in two separate runs over the time span of three months. The procedure adopted to detect the variable stars was the optimal image subtraction method (ISIS v2.2), as implemented by Alard. The photometry was performed using both ISIS and Stetson's DAOPHOT/ALLFRAME package. We have identified 245 variable stars in the cluster fields that have been analyzed so far, of which 179 are new discoveries. Of these variables, 133 are fundamental mode RR Lyrae stars (RRab), 76 are first overtone (RRc) pulsators, 4 are type II Cepheids, 25 are long-period variables (LPV), 1 is an eclipsing binary, and 6 are not yet well classified. Such a large number of RR Lyrae stars places M62 among the top two most RR Lyrae-rich (in the sense of total number of RR Lyrae stars present) globular clusters known in the Galaxy, second only to M3 (NGC 5272) with a total of 230 known RR Lyrae stars. Since this study covers most but not all of the cluster area, it is not unlikely that M62 is in fact the most RR Lyrae-rich globular cluster in the Galaxy. In like vein, thanks to the time coverage of our datasets, we were also able to detect the largest sample of LPV's known so far in a Galactic globular cluster.
INTRODUCTION
By the early 1990's, it was widely perceived that "most variable stars that belong to Galactic globular clusters have by now been discovered" (Suntzeff et al. 1991) . Indeed, Suntzeff et al. estimated that only a few percent of the total population of RR Lyrae variable stars remained to be discovered in globular clusters. However, most of the pre-1990 studies based their results on photographic photometry, which in many cases appears not to have been precise enough to detect small-amplitude variables. On the other hand, new techniques, based on image subtraction algorithms, have been developed in the last years, which are capable of quickly, efficiently and automatically detecting star variations even in the most crowded fields (e.g., Alard 2000; Bramich 2008 ). In fact, several studies have reported substantial in-creases in the reported globular cluster RR Lyrae populations using these techniques (e.g., Kaluzny, Olech, & Stanek 2001; Corwin et al. 2004; Zorotovic et al. 2009 ). It seems that, contrary to what was previously thought, the sample of RR Lyrae variables identified so far in Galactic globular clusters is significantly incomplete, thus rendering further analyses, based on high-quality CCD observations and image subtraction techniques, well worth the while.
NGC 6266 (M62) is a high-density (log ρ c = 5.34 L ⊙ pc 3 ), highly reddened [E(B−V ) = 0.47] cluster, and is also one of the most massive in our galaxy, with M V = −9.19 (Harris 1996) . Located at just 1.7 kpc from the Galactic center, it has also been classified as a possible post-core collapse globular cluster by Trager, Djorgovski, & King (1993 , 1995 ) -a possibility which however was not confirmed by Beccari et al. (2006) in their study of the radial density profile of the cluster. Also worth mentioning is the fact that the cluster currently ranks fifth in the number of millisecond pulsars (Cocozza et al. 2008 , and references therein).
The morphology of the cluster's horizontal branch (HB) shows a prominent blue component, in addition to a very extended blue tail, reaching down to at least the main sequence turnoff level (e.g., Caloi et al. 1987; Piotto et al. 2002) . The cluster is also known to be rich in RR Lyrae variables (Clement et al. 2001 , and references therein). These features are strikingly similar to those of M15 (NGC 7078) , perhaps the best known Oosterhoff type II globular cluster. Yet, M62 is more metal-rich by about 1 dex, with an [Fe/H] = −1.29, compared with [Fe/H] = −2.26 for M15 (Harris 1996) . Since there is significant debate as to whether metallicity or HB morphology play the dominant role in defining the Oosterhoff types of globular clusters (e.g., Clement 2000; Pritzl et al. 2002) , M62 can provide a very important constraint on whether metallicity differences, at a fixed HB morphology, can by themselves change the classification of an object from Oosterhoff type II (as in the case of M15) to Oosterhoff type I (as is typical of globular clusters with metallicity similar to M62's, but with significantly redder HB types).
The main time-series study of M62 available in the literature so far was carried out by van Agt & Oosterhoff (1959) , where extensive photographic observations were presented, and periods derived for a total of 74 (out of 83) stars. More recently, Malakhova et al. (1997) provided a list of 43 additional RR Lyrae star candidates in the cluster, but without determining their periods nor their detailed variability status. As a consequence, 126 variable star candidates have been listed for the cluster, 74 of which have known periods of variability (Clement et al. 2001, and references therein) .
Given the availability of high-quality CCD observations and state-of-the-art image subtraction techniques, we expected to find many new variable stars in the course of our new time-series study of M62. Indeed, we were able to find more than 200 RR Lyrae stars in M62, in addition to a large number of long-period variables (LPV's) and type II Cepheids (CpII). As reported in Contreras et al. (2005) , the newly detected RR Lyrae stars in M62 offer us important insight into the role played by metallicity in defining Oosterhoff type, suggesting that M62 is indeed an Oosterhoff type I (OoI) object, in spite of its predominantly blue HB morphology, but in accord with its fairly high metallicity.
The main purpose of the present paper is to provide the new, extensive variability data for M62, upon which the preliminary results by Contreras et al. (2005) were based. We begin in §2 by describing our data and reduction procedures. In §3 we discuss how the variable stars were detected in our data. In §4 we describe the results of a Fourier decomposition analysis of the measured light curves. A CMD is produced in §5, where our approach to account for the effects of differential reddening is also described. In §6 we revisit the Oosterhoff type determination for the cluster. In §7 we apply the "Amethod" to study the He abundance in the cluster, and in §8 we provide a summary of our results. Escobar et al. 2010, in preparation) and NGC 5286 (Zorotovic et al. 2009 (Zorotovic et al. , 2010 as part of a long-term project aimed at completing the census of (bright) variable stars in Galactic globular clusters (Catelan et al. 2006) . Time-series observations in B and V were obtained with the Warsaw 1.3m telescope at the Las Campanas Observatory (LCO), in the course of 7 consecutive nights over the period April 6-13 2003. The camera used is the 8kMOSAIC camera, comprised of eight 2040 × 4096 chips, with a scale 0.26 ′′ /pixel giving an observing area equal to 35 ′ × 35 ′ . The cluster was roughly centered on chip 2, and so in this paper we focus our analysis on this chip (which covers a sky area of 8.8
′ × 17.8 ′ ). The monitored field on chip 2 covers most of the cluster area, as the tidal radius of M62 is estimated at r = 8.95 arcmin (Trager et al. 1995) or r = 10.01 arcmin (Beccari et al. 2006) . The read out noise of the camera is 6 to 9 e − (depending on the chip) and the gain is 6.3 e − /ADU. A total of 126 images in B and 126 in V were secured with this setup. During the nights of the observations, the seeing was stable enough with an average measured stellar point-spread funtion (PSF) on the frames of about 0.98 ′′ FWHM. Exposures times ranged from 100 s to 220 s for the B frames and 30 s to 90 s for the V frames.
Observations of the standard fields PG+0918, PG+1323, PG+1525, PG+1528, PG+1633, PG+1657 and Ru 152 (Landolt 1992) were obtained on the same nights, to calibrate the data to the standard Johnson-Cousins photometric system. In order to provide better sampled light curves, the Warsaw data were complemented by observations obtained with the Cerro Tololo Inter-American Observatory (CTIO) 1.3m telescope in service mode, using the ANDICAM 1024 × 1024 CCD, with a scale 0.369 ′′ /pixel, over the timespan April 24 2003 to June 30 2003. This additional dataset consists of 42 images in each of B and V , and permitted us to extend the time interval spanned by our observations up to about three months, thus resulting very useful to pin down periods and to search for long-term variability. The exposure times in this case were 145 s for the B frames and 40 s for the V frames. The seeing during these observations was on average ∼ 1.3 ′′ , with stable and good photometric conditions. However, no standard fields were observed with the CTIO 1.3m telescope. The LCO images were pre-processed with the Warsaw 1.3m pipeline, so that no additional pre-reduction steps were necessary. The preliminary reduction of the CTIO frames, including bias subtraction and flat fielding, were carried out using the standard IRAF 6 data reduction package. Since no photometric calibration was obtained during the CTIO run, we used the well calibrated LCO set to link the CTIO instrumental magnitudes to the standard Johnson system. With this purpose in mind, we performed a cross correlation between the LCO and the CTIO catalogues, and then selected the best 50 stars in common that covered a sufficiently wide range in color to prevent any residual uncorrected color trend. These selected stars were then used to calibrate the CTIO data by means of a least-squares fit.
We will provide further detailed information regarding our calibration in Paper II (Contreras et al. 2010, in preparation) , when a detailed analysis of our derived cluster CMD will also be provided. In any case, we note that our derived calibration equations are well defined, and have zero point errors of only about 0.006 mag in B and 0.011 mag in V , with similarly small errors in the derived color coefficients.
VARIABLE STARS IDENTIFICATION AND PERIOD

DETERMINATION
Since the pioneering effort by Tomaney & Crotts (1996) , it became clear that the image subtraction technique is one of the best tools for identifying variable stars in crowded fields like globular clusters, due to its powerful capability of comparing images after all non-variable objects have been removed. We have selected the ISIS v2.2 package for this purposee (Alard 2000) . The ISIS reduction procedure that we follow consists of several steps: (1) We transform all the frames to a common coordinate grid, where the image taken with the best seeing was chosen as astrometric reference; (2) We select 10% of our frames with the best seeing conditions to construct a composite, reference photometric image; (3) We then subtract each individual frame from the composite image, after convolving the latter so that both images end up having similar PSF's. As the flux of non-variable stars on both images should be essentially identical, such objects will disappear when one image is subtracted from the other, and the remaining signal will (ideally) come exclusively from variable stars; (4) We construct a median image of all the subtracted images (known as "var.fits") in order to enhance these weak individual (residual) signals, and thus making variable stars candidates more easily identifiable as significant peaks in the median image; (5) Finally, profile-fitting photometry was per-6 IRAF is distributed by the National Optical Astronomy Observatories, which are operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation. formed for each variable star candidate on the subtracted images. Periods were determined using the phase dispertion minimization (PDM) method Stellingwerf (1978) , as implemented in IRAF. PDM is a generalization of the Lafler & Kinman (1965) , and essentially attempts to identify the phased light curve that produces the minimum scatter in phase. We were thus able to detect and confirm the existence of at least 245 variable stars in the field of M62, including 209 RR Lyrae, 4 type II Cepheids, 25 LPV's, 1 eclipsing binary, and 6 of uncertain nature. Among the detected RR Lyrae, 133 are fundamental-mode (RRab or RR0) pulsators, whereas 76 are first-overtone (RRc or RR1) stars. We must stress that just 1 out of the 8 Warsaw 1.3m chips were analyzed, and so the total number of (undiscovered) variable stars in the cluster is almost certainly higher. Indeed, although the Beccari et al. (2006) profile suggests that we should find ≈ 98.6% of all cluster stars within 185 ′′ of the cluster center, we find clear evidence for an excess of variable stars whose properties are consistent with cluster membership further out. More specifically, in chip 2 we find about 4 times more variable stars outside 185
′′ than predicted by the cluster's density profile. More details are provided in §5. The remaining chips will be the subject of a future paper, where the possible existence of extra-tidal stars in this cluster will also be examined. Finding charts for the M62 variable stars are presented in Figure 1 .
We identified 66 of the 83 known variable stars discovered in previous studies (see the online catalogue by Clement et al. 2001 , for a listing). Of the remaining 17 stars, we were un- able to confirm variability for 2 of them, whereas the other 15 stars fall outside the fields that we have analyzed. On the other hand, Malakhova et al. (1997) find an additional 43 stars that they claim to lie in the instability strip of the cluster, and which are accordingly RR Lyrae candidates. In our study we were able to confirm the variability of 27 among their 43 candidates, with the remaining 16 stars being non-variable in our data.
Taking into account the 209 RR Lyrae stars detected in our study and the 15 additional RR Lyrae stars listed in Clement et al. (2001) which fall outside our studied fields, this gives a total of 224 RR Lyrae stars that are known so far in this cluster. For comparison, the most RR Lyrae-rich (in the sense of total number of RR Lyrae stars present) globular cluster known in our galaxy, M3 (NGC 5272), possesses a total of 230 reported RR Lyrae stars (Clementini et al. 2004) , being followed by ω Centauri (NGC 5139), with a total of 178 RR Lyrae (Clement et al. 2001) . Clearly, our detections place M62 among the most RR Lyrae-rich globular clusters known, and further analysis of the outer fields not included in our study is not unlikely to give it the title of the most RR Lyrae-rich of all known globular star clusters (see also Contreras et al. 2005) . In terms of the specific frequency of RR Lyrae variables, given by S RR = N RR × 10 0.4(7.5+MV ) , and using for the cluster a M V = −9.19 (as given in the Harris 1996 catalog, Feb. 2003 , one finds S RR = 47.2, which is very similar to the value S RR ≈ 46 originally reported by Contreras et al. (2005) , and which again confirms the fact that M62 is an extremely RR Lyrae-rich object, since there are at present only 9 clusters with higher known S RR , again according to the Harris catalog. In this sense, also noteworthy is the large number of LPV stars detected in the M62 field, with a total of 25 variables, 18 of which appear to be likely cluster members (see §5). According to the Clement et al. catalogue, previously the most LPV-rich of all globular clusters was ω Cen, with a total of 15 LPV stars. This suggests that M62 may also be the most LPV-rich known of all globular clusters (again in the sense of total number of LPV stars present).
While ISIS is very efficient in detecting variables stars in crowded fields, it presents the drawback of providing light curves in flux values relative to the composite frame. For this reason, ISIS does not provide light curves in standard magnitudes, and the composite image has to be processed independently for this purpose. To put our light curves in standard magnitude units, we followed the procedure recommended by Mochejska et al. (2001) , for those variable stars which could be reliably measured in the reference frame. More specifically, the variable stars detected by ISIS were counteridentified with the B, V master catalogue of the reference frame, as obtained with DAOPHOT/ALLFRAME (Stetson 1987 (Stetson , 1994 . Then, following the same procedure as in Mochejska et al., this allowed us to transform the light curves from differential fluxes into magnitude units.
While DAOPHOT/ALLFRAME represents an excellent tool to perform absolute photometry in the crowded regions found in globular clusters, it is still often the case that the variable stars located in the very crowded cluster center, as well as those located near bright and/or saturated objects (or close to the edges of the frames) will lack reliable photometry, even in our best seeing (reference) images. Therefore, among our sample of variable stars, 110 objects have differential flux light curves only, either because we could not measure their magnitudes on the reference frames, or because we consider that they lack reliable DAOPHOT/ALLFRAME photometry due to one or more of the aforementioned reasons.
Photometric properties and basic elements for the 245 variable stars in our study are presented in Table 1 . Column 1 indicates the star's ID. Columns 2 and 3 provide the right ascension and declination (J2000 epoch), respectively, whereas column 4 gives our derived periods. Columns 5 and 6 list the derived amplitudes in the B and V bands, respectively. Columns 7 and 8, give the intensity-weighted mean B and V values, while column 9 shows the magnitude-weighted mean color. In column 10 we provide our derived reddening values for individual RRab stars (see §5 for more details), and finally column 11 indicates the star's variability type. We assigned a prefix "NV" to the newly identified objects, including the variable star candidates (NV84-NV110) from Malakhova et al. (1997) . For the previously known 66 confirmed variables in our field, we obtain revised periods based on our data alone, since these new periods produce less scattered light curves than the old ones. The exception are variables V4, V10, V11, V20, V23, V27, V38, V43, V45, V50, V52, V62, V62, V64, V66 and V78, where we adopt periods from the Clement et al. (2001) online catalog, since they provide good matches to our data. Sample light curves for the newly detected variables stars are shown in the Appendix, whereas the complete set of light curves can be found in the electronic version. The light curve data are provided, in machine-readable form, in Table 2. 3.1. Notes on Individual Variable Stars V1, V3: Periods for these stars are not provided in the online Clement et al. (2001) catalog. The derived periods are based on an analysis of the CTIO images, even though only the LCO photometry is shown in the electronic version of the Appendix. V77, NV117, NV149, NV155, NV166, NV174, NV176, NV178, NV186, NV197, NV202, NV204, NV207, NV225, NV229: These are short-period RRc stars with seemingly variable light curves. We have not been able to identify any source of spurious error in our photometry that could affect these stars in particular. NV92, NV103, NV124, NV126, NV129, NV167, NV182, NV200, NV203, NV211, NV220: The derived periods are based on an analysis of the CTIO images, even though only the LCO light curves, which present significantly less scatter but do not constrain these stars' periods as tightly, are shown in the Appendix. NV112, NV120, NV137, NV187, NV194: These stars present several aliases, and could not be detected in the CTIO data. The periods adopted are the ones that appear most consistent with an RRab type. NV134, NV149: These stars present several aliases, and could not be detected in the CTIO data. The periods adopted are the ones that appear most consistent with an RRc type. NV159, NV169: These stars show a curious mismatch in the light curves around phase 0.8 for the adopted periods. How- ever, the latter are confirmed on the basis of the CTIO data. NV170: This star presents several aliases, and an uncertain classification. NV215: This star's light curve presents an unusual behavior close to minimum light. A similar behavior is found in both the LCO and CTIO datasets, though the latter is considerably more noisy and contains fewer datapoints.
FOURIER DECOMPOSITION
In the Fourier decomposition method, the light curves of abtype pulsating stars are frequently fitted with a Fourier series of the form
where w ≡ 2π/P. The light curve shape is then quantified in terms of the lower-order ( j = 2 − 4) coefficients A j1 = A j /A 1 and φ j1 = φ j − jφ 1 . In the case of c-type RR Lyrae, a similar procedure is followed, but a cosine decomposition is frequently used instead. In our study, we performed such Fourier decomposition of the RR Lyrae light curves, using n = 10, and adopting a sine series for the RRab and a cosine series for the RRc stars. Amplitude ratios A j1 and phase differences φ j1 for the lower-order terms are provided in Tables 3 and 4 for the RRc and RRab stars, respectively. For the RRab stars we also give the Jurcsik-Kovács D m value , computed on the basis of their eq. 6 and Table 6 ), which is intended to differentiate RRab stars with "regular" light curves from those with "anomalous" light curves, such as those presenting the Blazhko effect (but see Cacciari, Corwin, & Carney 2005 , for a critical discussion of D m as an indicator of the occurrence of the Blazhko phenomenon). In these tables, a colon symbol (":") indicates an uncertain value, whereas a double colon ("::") indicates a very uncertain value, the latter being provided for complete-ness only. The error in the φ 31 coefficient was obtained from equation (16d) of Petersen (1986) . Simon & Clement (1993) demonstrated, based on hydrodynamical models, that Fourier decomposition of RRc light curves can potentially provide a very useful technique for determining physical parameters of these stars. As a matter of fact, they have provided equations relating the masses, luminosities, temperatures, and even a "helium abundance parameter" of c-type RR Lyrae stars to their periods and φ 31 values. Althought these equations have been widely use in literature they must be used with some caution, since a combination of their equations for the RR Lyrae masses and luminosities gives results that are inconsistent with the period-mean density equation of stellar pulsation theory (Catelan 2004b; Deb & Singh 2010) . Accordingly, while we still provide luminosities, masses and temperatures derived on the basis of the Simon & Clement relations, we warn the reader that these quantities cannot all be simultaneously valid, and should accordingly be used for comparison with similar work for other GCs only.
RRc Variables
Based on the Simon & Clement (1993) relations, we find that an error of 0.2 in φ 31 leads to an error of ∼ 0.03 M ⊙ in mass and ∼ 0.03 mag in (bolometric) magnitude, and so we apply this method only to RRc stars with errors in φ 31 of 0.2 or less. We thus computed values of M/M ⊙ , log(L/L ⊙ ), log T eff , and "helium abundance parameter" y (which, as is well known, is not necessarily equal to the helium abundance Y ; see, e.g., Corwin et al. 2003) ; the resulting values are provided in Table 5 Kovács (1998) .
As the reader will readily notice, many of the mass values given in Table 5 are too low, approaching the mass of the degenerate helium core at the He flash (≃ 0.5 M ⊙ ; see Catelan 2009 , for a recent review). Such low mass values, which are not uncommon in the literature (e.g., Corwin et al. 2003 , and reference therein) likely confirm the existence of a problem with the Simon & Clement (1993) calibration equations.
For the 21 retained RRc stars the unweighted mean values and standard deviations of the mass, log luminosity, effective temperature and helium parameter are (0.533 ± 0.04) M/M ⊙ , 1.663 ± 0.01, (7413 ± 34) K, and 0.293 ± 0.003, respectively. The mean metallicity, in turn, is found to be [Fe/H] ZW84 = −1.23 ± 0.09.
According to the Kovács (1998) calibration, the mean absolute magnitude in V of these RRc stars turns out to be M V = 0.714 ± 0.033. Since for these stars we also have a V = 16.44 ± 0.06 mag (standard error of the mean), this gives for the cluster an apparent distance modulus of (m − M) V = 15.73 ± 0.068 mag.
RRab Variables
In a series of papers, the Hungarian team has provided a calibration of several physical parameters of "well-behaved" (as indicated by the aforementioned D m parameter) ab-type RR Lyrae stars as a function of their Fourier decomposition parameters (e.g., Jurcsik 1998; Kovács & Walker 1999 , 2001 . Unlike the approach adopted by Simon & Clement (1993) for the RRc stars, their method does not rely on hydrodynamical models for the calibration. Following the same approach as described in detail in Corwin et al. (2003) , we obtain the metallicities, mean colors, and associated temperatures that are listed in Table 6, for 40 RRab stars with D m ≤ 5 (see also Clement & Shelton 1997) . Note that V26 is most likely a field star (see §5), and therefore was not taken into account when computing the average values for the cluster, as indicated in this table.
Note that the [Fe/H] values derived in this way are actually in the scale of Jurcsik (1995) . The latter is related to the more traditional Zinn & West (1984) Table 6 translates into a metallicity value [Fe/H] ZW84 = −1.31 in the Zinn & West scale. This agrees very well with the value adopted for the cluster by Harris (1996) Likewise, we obtain a mean absolute magnitude of M V = 0.83 ± 0.03 mag for the RRab stars in the cluster. The faint HB is a reflection of the adoption of the Baade-Wesselink luminosity zero point in the calibration of this method (see Jurcsik & Kovács 1999 , for a discussion). For the same set of 39 RRab used to derive this value, we also find V RR = 16.260 ± 0.03 mag (standard error of the mean), which is also in very good agreement with the value of 16.25 mag adopted in the 2003 edition of the Harris (1996) catalog. This implies an apparent distance modulus of (m − M) V = 15.43 ± 0.04 mag for M62, which is significantly shorter (by 0.21 mag) than the value provided in the Harris catalog, and by an even wider margin (i.e., 0.3 mag) than the value obtained in §4.1 on the basis of the Kovács (1998) M V calibration for the ctype RR Lyrae. We ascribe these differences to the faint zero point adopted in the original M V calibrations. If we adopt instead the more recent calibration of the RR Lyrae absolute magnitude-metallicity relation provided by Catelan & Cortés (2008) , and the metallicity value for M62 derived above ([Fe/H] ZW84 = −1.31), we find M V (RR) = 0.68 ± 0.14, and an apparent distance modulus of (m − M) V = 15.58 ± 0.14, which is much more consistent with the value reported in the Harris catalog (being shorter by only 0.06 mag). Using a reddening value of E(B−V ) = 0.47 (from Harris 1996) and a standard extinction law with A V /E(B−V ) = 3.1, this implies a distance modulus (m − M) 0 = 14.12 ± 0.14, which corresponds to a distance of 6.7 ± 1 kpc.
Note that a distance modulus for the cluster may also be obtained on the basis of our detected type II Cepheids, namely V2 and V73, using equation (3) in Pritzl et al. (2003) . In this way, we obtain for distance moduli of (m − M) V = 15.04 and (m − M) V = 15.57 mag, respectively -giving an average distance modulus of (m − M) V ≈ 15.31 ± 0.26 mag. Given the large error bar, this value is not inconsistent with the one derived on the basis of the RR Lyrae stars.
As noted by Contreras et al. (2005) , M62 may harbor longperiod RRc's (see their Fig. 2) , which are exceedingly rare among Galactic globular clusters (see Catelan 2004b, for a review). In order to check the pulsation status of the two candidate long-period RRc stars that we have found in the cluster, namely NV104 and NV171, we have used several diagnostics from Simon & Teays (1982) and Clement & Shelton (1997) , who have shown that the RRab and RRc stars occupy distinctly different positions in the A 21 , φ 21 plane in particular, as well as the Sk (skewness) parameter defined by Stellingwerf & Donohoe (1987) . Figure 2 shows that, for the RR Lyrae with clean light curves in our sample, most of the ab-type RR Lyrae do indeed have values of A 21 > 0.3, and vice-versa for the RRc stars. Similarly, most of the RRc stars have Sk < 2, whereas most of the ab-type RR Lyrae have Sk > 2. As can be seen, in all plots but the one showing φ 31 as a function of log P one finds that the positions of these two stars are closer to the locus occupied by RRc than RRab stars. The atypical position of NV104 and NV171 in the φ 31 − log P plane is particularly intriguing, in view of the fact that, if these stars are indeed c-type RR Lyrae, their periods would clearly be longer than the vast majority of even the ab-type RR Lyrae in the cluster.
CMD AND REDDENING
On the basis of our ALLFRAME reductions, we were able to obtain a deep CMD for M62, which we show in Figure 3 . The CMD properties will be discussed in detail in a forthcoming paper (Contreras et al. 2010, in preparation) , and we show it here with the main purpose of verifying whether the positions of the variable stars that were detected in our field are consistent with cluster membership -which is clearly confirmed for the vast majority of the stars. One obvious exception is provided by the RRab star V26, which is clearly a foreground field RR Lyrae. That V26 is a field star is also suggested by the near-solar metallicity derived for it on the basis of its Fourier decomposition parameters (see Table 6 ). The membership status of NV224 and NV227, on the other hand, is less clear, for while their CMD positions suggest that they may be RR Lyrae stars in the cluster background, their Fourier-based metallicities do not clearly point to them as being anomalous. In like vein, their metallicity values, as derived using the Jurcsik (1995) and Morgan et al. (2007) techniques, suggest [Fe/H] values of −1.40 (for NV224) and −1.35 (for NV227), neither of which is clearly inconsistent with the cluster's metallicity. The derived [Fe/H] value for NV227 should be taken with due caution though, in view of the star's fairly large D m value (see Table 4 ).
Unfortunately, as can be seen from Figure 3 (left panel), the cluster CMD is severely affected by differential reddening, which is not unexpected in view of M62's large foreground reddening and low Galactic latitude. On the other hand, the presence of a large number of RR Lyrae variable stars across the face of the cluster can provide us with a handle of this problem, since RR Lyrae stars can themselves provide dependable reddening estimates, particularly on the basis of the colors of the ab-type RR Lyrae at minimum light (e.g., Blanco 1992) .
We have applied the Blanco (1992) technique to 71 stars in our RRab sample, and thus obtained a two-dimensional reddening map across the face of the cluster. In this case, we adopted the same [Fe/H] value for all the RRab stars, namely [Fe/H] = −1.31, as derived from Fourier decomposition ( §4.2), and which is very similar to the value listed in the Harris (1996) catalog, namely [Fe/H] = −1.29. We then experimented with several different techniques for interpolating on this map to obtain reddening values for individual cluster stars, finally opting for a LOESS smoother (Cleveland 1979; Cleveland & Devlin 1988) . That this provided very good results can readily be appreciated by comparing the differential reddening-corrected CMD (Fig. 3, right panel) with the original one. A zoomed-in plot around the HB region is shown in Figure 4 .
We also note the anomalous positions of stars NV225 (an logP Sk (Skewness) RRc) and V23 (an RRab) in the CMD. Not only are these stars brighter and redder than other RR Lyrae stars in the cluster, but also -and importantly -they also present peculiarly large A B /A V amplitude ratios. This strongly suggests that they are blended with redder companions. In order to verify whether those variable stars for which we were not able to obtain average magnitudes and colors over the full pulsation cycle belong to M62, we have included a third CMD in Figure 5 . In this case, the variable stars were simply identified in the photometry catalog and plotted in the CMD using mean magnitudes and colors computed as simple averages of the avaliable photometric data. While this necessarily leads to increased scatter in the derived CMD positions (as is particularly obvious around the RR Lyrae region of the CMD), it also allows us to investigate the likelihood that these stars may be cluster members. To further aid us in this direction, we overplot in Figure 5 two model isochrones from the Pietrinferni et al. (2006) set, computed for a chemical composition consistent with that of the cluster (in green, reddened and vertically shifted in order to match the HB of the cluster) and for a chemical composition consistent with a bulge field at the position of the cluster (in red, plotted using the same distance modulus as obtained for the cluster). From their CMD positions, it appears that most of the LPV stars discovered in this paper (i.e., 18 out of 25) are likely cluster members, with only a few LPV candidates likely belonging to the bulge. Note also that NV231, which we originally classified as an LPV candidate, may actually be more properly classified as a background type II Cepheid, judging from its position in the CMD.
Finally, we note that all those RR Lyrae stars for which we derived metallicities using Fourier decomposition, and which are located inside the cluster's tidal radius, present chemical abundances that are compatible with M62 membership, ex- cept for the already cited case of V26 -thus suggesting that most of the variable star candidates in the cluster outskirts are indeed cluster members.
ON THE OOSTERHOFF TYPE OF M62
The Oosterhoff phenomenon is of great astrophysical importance, given the information that it carries on the early formation history of the Milky Way and its neighboring galaxies (e.g., Kuehn et al. 2008; Catelan 2009; Moretti et al. 2009 , and references therein), and (increasingly) in the Andromeda system (e.g., Contreras et al. 2008; Clementini et al. 2009; Fiorentino et al. 2010; Sarajedini et al. 2009 , and references therein). As recently summarized by Catelan (2009) , there is a general tendency for bona-fide Galactic globular clusters to present the so-called Oosterhoff dichotomy, i.e., a sharp division between Oosterhoff type I (OoI) systems, with P ab ≈ 0.55 d, and Oosterhoff type II (OoII) systems, with P ab ≈ 0.65 d, with exceedingly few Galactic globulars occupying the range between 0.58 P ab (d) 0.62. On the contrary, nearby extragalactic globular clusters and dwarf galaxies occupy preferentially the latter average period interval, thus clearly revealing a difference in (early) formation history between bona-fide Galactic and nearby extragalactic systems.
As discussed by Contreras et al. (2005) , there is at present some debate as to whether the Oosterhoff type of a globular cluster is determined chiefly by the morphology of the HB (Clement & Shelton 1999) , or whether metallicity plays an important role as well -as would be supported by theoretical calculations that indicate different evolutionary paths for HB stars of different metallicities but similar zero-age HB (ZAHB) temperatures, and thus a different efficiency of production of stars evolved away from the ZAHB as a function of metallicity (see §5.7 in Pritzl et al. 2002, and references B-V therein). As noted by Contreras et al., M62 provides a nearideal test of the relative importance of HB morphology and metallicity in defining the Oosterhoff type of a globular cluster, given that the cluster possesses a predominantly blue HB, as in the case of most OoII clusters, but is also a fairly metalrich object, as in the case of most OoI clusters.
Here we confirm the preliminary results by Contreras et al. (2005) , finding that the mean periods of the ab-type RR Lyrae in M62 support an OoI classification for the cluster, thus clearly showing that, at least in the case of M62, metallicity is the dominant factor that defines the Oosterhoff type. Indeed, let us assume, as a first approximation, that all of our detected variables are cluster members. In this case, and taking our homogeneous sample of 133 RRab's and 76 RRc's into account, we derive for the cluster average pulsation periods of P ab = 0.547 d and P c = 0.302 d, thus confirming the preliminary values reported by Contreras et al., which are quite typical for OoI systems. If the 5 RRab and 3 RRc with uncertain classification -namely, NV112, NV120, NV137, NV187, NV194 and NV134, NV149 -are removed, we obtain P ab = 0.548 d and P c = 0.301 d. As we have seen, the membership status for the RRab stars V26 and NV227 and the RRc variable NV224 is also questionable; if we further remove these stars from the final tally, we obtain P ab = 0.550 d (126 RRab stars) and P c = 0.302 d (73 RRc stars).
As discussed by Catelan et al. (2010, in preparation) , P ab and P ab,min are the two quantities that most strongly define the Oosterhoff type. For M62, the shortest-period RRab is NV188, and thus P ab,min = 0.436 d -which again clearly indicates an OoI classification.
As a matter of fact, as shown in Figure 6 , the detailed period distribution is quite similar for both the prototypical OoI globular cluster M3 and M62, with the main differences being a somewhat shorter mean period for the RRc stars in M62 and a slightly broader distribution of ab-type periods. The period-amplitude diagram may also provide further insight into these differences, in addition to useful information regarding the Oosterhoff classification of stellar systems (e.g., Cacciari et al. 2005 , and references therein). How does this diagram look in the case of M62, once those RRab stars identified as peculiar (i.e., with D m > 5.0) have been removed?
The answer is provided in Figure 7 , where both the A V − log P (upper panel) and A B − log P (lower panel) planes are shown. In these figures, we also provide reference lines for OoI and OoII globular clusters, as derived by Cacciari et al. (2005) and summarized in eqs. (10)- (15) in Zorotovic et al. (2010) . Clearly, there is a tendency for most of the ab-type RR Lyrae to fall around the OoI line in this diagram, which again is fully consistent with an OoI classification for the cluster. The RRc's, on the other hand, appear to have shorter periods, at a given amplitude, than indicated by the reference OoI line, which in turn is based on the M3 RR Lyrae (Cacciari et al. 2005) , which is consistent with the pattern observed in Figure 6 . A possible interpretation for these differences has been provided by Clement & Shelton (1999) , who pointed out that, in the period-amplitude diagram, well-behaved RRab stars of different metallicities seemed to follow a fairly universal mean locus, defined solely by their Oosterhoff types, whereas the RRc's, on the contrary, presented systematic deviations towards shorter periods (at a given amplitude) with increasing metallicity. Given that M62 is more metal-rich than M3, this provides a reasonable explanation for our results.
There is, however, one aspect of the M62 variable star population that may not seem immediately compatible with an OoI classification, namely, the number fraction of c-type variables f c . It has long been thought that the latter quantity is a strong discriminator of Oosterhoff type, with f c ≃ 0.17 for the OoI systems, and f c ≃ 0.44 for OoII systems (see, e.g., Table 3 .2 in Smith 1995) . In the case of M62, we find f c = 0.363, which is intermediate between these two reference values, but closer to the one for OoII systems. However, as discussed more recently by Catelan et al. (2010, in preparation) , f c is actually not a particularly reliable indicator of Oosterhoff type, with known OoI systems covering a wide range in f c values, from f c ≈ 0 up to 0.65 (with most of the objects falling in the range 0.2 f c 0.4), and likewise known OoII systems covering the range from f c ≈ 0.1 up to 0.6 (with most of the objects falling in the range 0.3 f c 0.55). We thus conclude that the f c value for M62 is not inconsistent with an OoI type classification for the cluster; the fact that it is slightly larger than for most OoI systems is likely due to the fact that M62 also has one of the bluest HB types among OoI globulars.
As discussed by (e.g.) Corwin et al. (2003) , the average physical parameters of the c-and ab-type RR Lyrae, as derived on the basis of Fourier decomposition of their light curves, can also provide a useful consistency check of the Tables 7 and 8 we accordingly compare some of the physical parameters that we derived on the basis of the Fourier decomposition method ( §4) with those similarly derived for other clusters in the literature, for the RRc and RRab stars, respectively. As can be seen from these tables, the Fourier-based physical parameters that we derived for M62 are again entirely consistent with an OoI classification for the cluster.
THE A-PARAMETER AND THE HE ABUNDANCE IN M62
Recently, several authors have suggested that He abundance enhancements may be quite commonplace among globular clusters (e.g., D 'Antona & Caloi 2008) . In this scenario, globular clusters with predominantly blue HB morphologies are suggested to be helium rich, and thus it is worthwhile to check the RR Lyrae stars in M62 in search for evidence of He en- hancement that might help explain its blue HB. As is well known, the "A-method" of Caputo & Castellani (1975) can provide strong constraints on the presence (or otherwise) of He enrichment among RR Lyrae stars. From the period-mean density relation of stellar pulsation theory (van Albada & Baker 1971), one finds log P = 11.497 + 0.84 A − 3.481 log T eff ,
where
with the period in days and the temperature in K. Therefore, A = 13.353 − 1.19 log P − 4.058 log T eff .
Similarly, on the basis of the more recent models by Caputo, Santolamazza, & Marconi (1998) , Cacciari et al. (2005) obtain A = 13.687 − 1.19 log P − 4.144 log T eff .
Thus defined, the A-parameter can therefore be easily computed on the basis solely of period measurements and estimates of the stellar temperatures. As already mentioned, this parameter is strongly sensitive to the He abundance; in particular, according to the ZAHB models of Sweigart & Catelan (1998) Here we provide a comparison with the globular cluster M3, which has been extensively studied previously, and which has a metallicity fairly similar to M62's. In particular, A-parameter values can be derived for the ab-type RR there does appear to be an offset between the two clusters, with the deviation of M62 datapoints from the M3 regression line in the A − T eff plane (solid line in Fig. 8 ) amounting to ∆A Teff = 0.020±0.012. If due to a difference in He abundance, this would imply that the M62 RR Lyrae stars are more Herich than their M3 counterparts, by about 0.013 ± 0.008 in Y . This result is confirmed if, instead of the Kaluzny et al. (1998) Fourier parameters for M3 RR Lyrae stars we use those more recently derived by Cacciari et al. (2005) . Further work on the temperatures of M62 RR Lyrae stars will be required before we are in a position to conclusively settle this issue. 
SUMMARY
In this paper we have provided a detailed account of the time-series observations that we have collected for the Galactic globular cluster M62, first reported on in Contreras et al. (2005) . Our results indicate that M62 is one of the most RR Lyrae-rich (in the sense of total number of RR Lyrae stars present) globular clusters known in the galaxy, and it is actually not unlikely that future studies will reveal that it is the most RR Lyrae-rich globular cluster known. In like vein, M62 appears to be the globular cluster with the largest known number of LPV stars in the Milky Way, thus making it a very attractive benchmark object for future RR Lyrae and LPV studies alike.
Discussing the distribution of variable stars in the cluster's CMD, we find that most of the detected variables are likely cluster members. The CMD of the cluster is, however, severely affected by differential reddening; we have accordingly taken benefit of the large number of RR Lyrae variables that are present in the cluster to build a 2-D reddening map for the cluster, which allowed us to present a "corrected" CMD that is much less strongly affected by differential reddening. A full analysis of the cluster CMD will be presented in a forthcoming paper (Contreras et al. 2010, in preparation) .
From an analysis of the pulsation periods of the detected RR Lyrae stars, we provide an updated metallicity ([Fe/H] ZW84 = −1.31, based on Fourier decomposition of the RR Lyrae light curves) and distance modulus [(m − M) V = 15.58, based on the recent M V (HB) − [Fe/H] calibration by Catelan & Cortés 2008] estimates for the cluster. In addition, we discuss a variety of Oosterhoff indicators, including the mean periods, period distribution, and Bailey diagram, and conclude that the cluster is an OoI object, in spite of its blue HB morphology but consistent with its moderately high metallicity. Therefore, metallicity does play an important role in defining Ooster-hoff type, at least in the case of M62 (see also Contreras et al. 2005) . Finally, based on an application of the "A-method," we conclude that the M62 RR Lyrae stars likely have a similar He abundance as M3, although more work on the temperatures of the M62 RR Lyrae is needed before this result can be conclusively established.
APPENDIX SAMPLE LIGHT CURVES
Here we show a representative sample of light curves for the newly discovered variable stars in M62. The full set of derived light curves, including our light curves for the previously known variables in the cluster, can be found in the electronic version of this paper. 
